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/
The need for the absorbers in order to obtain meaningful results and their contribution to the response of the detectors at electron biases from 50 to 200 keV are discussed in detail. It will be shmm that the results are virtually independent of the atomic number of the absorber. In addition, the role of the absorber in increasing the efficiency with increasing photon energy for low bias settings is demonstrated for the 0.3-mm crystal. Qualitative explanations are given for the shapes of all curves of efficiency versus energy at each bias.
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They have been used extensively as charged-particle detectors in nUll1erous flights in the U.S. space prograll1. It is alll10st certain that future long-range flights will use radioisotope therll10electric generators (R TGs)
to provide the power for science packages. These R TGs use Pu02 that contains about 80% 238 pu as the heat source. The background of the silicon detectors can be expected to rise due to: the gall1ll1a rays arising froll1 the y, aver 24 Na (E y = 1. 37 and 2.75 MeV). They were calibrated with an accuracy of about 3% using a Ge(Li) crystal (. §).
It is virtually impossible to obtain monoenergetic gamma-ray sources of convenient energies with no accompanying electrons. The calibrated sources used in these measurements were covered with O. 025 cm Mylar, which is thinner than the range of the electrons emitted. The problem is complicated by the fact that the detectors used are virtually transparent to gamma rays. Electrons, however, cannot traverse the silicon without depositing some energy. There is also the contribution of electrons arising from the scattering of gamma rays in the walls and other material in the vicinity of the detector. The accurate evaluation of all these effects is a b practical impossibility. For instance, Monte Carlo calculations show that a change in the internal conversion coefficient of only 0.03% will increase the counting rate of a O. 3-mm detector by about 10 to 15%. The uncertainty in the measurement of an internal conversion coefficient as small as O. 03% may be as high as 50%. This can easily cause a prohibitively large error in the sensitivity. The same argument holds for the shape and intensity of the various groups of the f3 spectra. This entire problem can be eliminated by placing an absorber directly in front of the detector. If the absorber is thicker than the range of all electrons originating in the source or created in the room by Compton scattering of the gammas, the detector will be effectively shielded from these electrons. Additional free electrons are created in the absorber, and many of them reach the silicon and contribute to the efficiency; however, the geometry is localized, the uncertainties in the source electron intensities are eliminated, and the physics of gamma interaction and electron transport are the same for the absorber and detector. Thus, no additional complexities are introduced. In addition, if the absorber is thicker than the range of the maximum energy electrons created the re, and if a small correction is made for the gamma attenuation in the absorber, the efficiency of the system is independent of the thickness.
(This assumes that the diameter is large compared with the thickness.) The efficiency with this technique is due to the combined effects of interaction in the absorber as well as the detector. c
Runs were also made with the absorber on both sides of the detector.
Although this has no intrinsic value in arriving at an understanding of the physics involved (it is safe to assume that the introduction of a material which increases the albedo should, in most cases, raise the counting rate), it simulates more realistically a condition which might be encountered aboard a spacecraft.
Results
In most of the cases, the attenuation of the photon beam by the 203 absorber is small. The 279-keV gamma rays of Hg on the lead absorber is a notable exception. The data in the tables have been corrected to zero absorber thickness. This assumes an absorber wh ich can stop all source electrons, is thicker than the range of electrons produced at its front surface, but does not attenuate the gamma beam from the source. Although it is an artificial condition, it eliminates the additional effect of gamma shielding, which is of no interest in this paper.
In order to view the data properly, it is essential to consider the absorber as an integral part of the counter. In addition to stopping electrons from the source, it generates free electrons, many of which reach the sili- and an enhancement of the efficiency. This effect is seen in Table II with the lead absorber. It is less prominent in the aluminum and lucite absorber.
It is seen in the copper absorber mainly at 2. 75 MeV.
A striking feature discernible from an inspection of Figures 2 and 3 is the relative independence of response on the atomic number of the cover.
This result is not surprising. In addition to shielding electrons emitted by the source, all covers were made thicker than the range of the maximum energy electrons that could be produced by photon interactions in the absorber. For all cases, except lead, the only electron production process of any consequence is by Compton collision. The cross section for this is proportional to the atomic number, Z. The expression for electron energy loss is very close to being proportional to Z, i. e.,~Z In l/Z. The probability of a photon interacting in the absorber to produce an electron which reaches the detector is weakly dependent on Z.
proportional to (J /(dE/dx), which is only very comp Lead is an exception because the probability of the 6 photoelectric or pair process in lead for the gamma-ray energies used in JPL Technical Mem.orandum. 33-524 these measurements is not negligible and the cross section for both of these interactions involve higher powers of Z. Indeed, the response for lead covers is generally higher than the others.
The shape of the curves for the thick crystals is very easily understood. As in the O. 3-mm case, the efficiency is almost entirely independent of the Z of the cover. In the 3-and 5-mm case, however, the crystal has a much greater effect than the cover in its contribution to the overall effi- 
Conclusions
The following conclusions may be drawn from this investigation:
(l) Meaningful results on the efficiency of silicon detectors for gamma rays cannot be obtained unless source electrons can be excluded from the measurement.
(2) The covers must be thick enough to absorb all source electrons and the most energetic electrons created by gamma interaction on the front surface of the cover. If the latter restriction is violated, the data will be sensitive to the thickness of the cover.
The efficiency is very insensitive to the Z of the cover.
(4)
If most of the counts are due to free electrons created in the cover, the efficiency increases with gamma-ray energy unless the bias is greater than the energy electrons lose in traversing the crystal. In the latter case a saturation effect ultimately is seen as the photon energy is increased. If most of the counts are due to tree electrons which originate in the silicon and if the silicon is thick compared with the bias energy, then this efficiency saturation occurs at much lower gamma-ray energies. 
